Introduction
Breast cancer is the most common malignant tumor worldwide among women except in Japan [1] . The incidence of breast cancer among Kuwaiti and non-Kuwaiti women is 33 and 35 per 100,000, respectively, according to the WHO cancer incidence statistics from the International Agency for Research on Cancer (IARC) and the International Association for Cancer Registries [1] . X-ray mammography and high-frequency breast ultrasonography (US) are the primary diagnostic tools for the evaluation of breast cancer, but accuracy is still limited in some situations [2] . During the past few years, breast magnetic resonance imaging (MRI) has become an integral component in diagnosing and staging breast malignancies [3] [4] [5] . The aim of this study was to report our initial experience of breast MRI in Kuwait in identifying and characterizing breast lesions of patients with suspicious mammographic and/or ultrasonic lesions and to correlate the findings with tissue sampling. For those patients for whom a tissue sample was not obtained, follow-up with mammography, US or breast MRI was done for at least 1 year.
Subjects and Methods
The study was conducted in the Al-Amiri Hospital during the period from May 2005 to September 2006. Standard two-view digital mammography (Selenia; Lorad, Danbury, Conn., USA), with additional views if required, were obtained together with high-resolution breast US (EnVisor; Philips, Seattle, Wash., USA) for patients with clinically, mammographically or ultrasonographically suspicious breast lesions. Breast MRI was performed with a 1.5-tesla closed magnet (Excite; GE, Milwaukee, Wisc., USA) using a dedicated 4-channel phased-array breast coil for 58 consecutive patients ranging in age from 25 to 64 years. The patients were referred to our MRI unit to assess mammographically equivocal breast lesions (29) and breast implants (6); for suspicion of local relapse in a treated breast (6) ; to search for primary breast cancer in patients with metastatic axillary lymph nodes (5); for local staging of breast cancer (5; suspicion of multiple lesions at standard imaging, dense breasts); differentiation between inflammatory benign lesions and inflammatory carcinoma (4), and MRI screening in high-risk patients (3).
Preparation and Positioning of the Patients
Breast MRI was performed during days 6-16 of the menstrual cycle or after stopping hormone replacement therapy for 4-6 weeks to avoid false-positive enhancing lesions during the peak hormonal level of the cycle. To detect recurrent malignant lesions, breast MRI was performed 6-8 weeks after surgery and at least 9 months (preferably 12 months) after radiotherapy. A 20-gauge intravenous line was inserted at the dorsum of the hand before positioning the patient on the table to ensure lack of movement between scans. The patient lay in a prone position on a platform placed in the MR imager that allows the breasts to be in a dependent position.
Protocol
High-resolution axial T 1 -weighted 3D SPGR volume images (number of excitations, NEX, 1; voxel size 1.0 mm 3 , and spatial resolution of 0.7 ! 7 ! 2.5 mm slice thickness) and axial fatsaturated T 2 -weighted 2D FSE images (NEX 4; voxel size 8 mm 3 , and spatial resolution of 1.3 ! 1.3 ! 5 mm slice thickness) were obtained prior to contrast injection, and axial or coronal fat-saturated T 1 -weighted high-resolution 3D SPGR dynamic images (NEX 1; voxel size 7 mm 3 , and spatial resolution of 1.4 ! 1.4 ! 4 mm slice thickness) were then performed with an acquisition time that did not exceed 60 s per scan. The scan was repeated 6 times after contrast medium injection (total scan time after contrast injection was 6 min).
Gadolinium-DTPA (0.1 mmol/kg) was injected intravenously via an automatic injector at a rate of 2 ml/s followed by a saline flush. The last sequence obtained after contrast enhancement was a high-resolution axial 3D SPGR fat-saturated T 1 -weighted volume image (slice thickness 2.5 mm; NEX 1, and voxel size 1.0 mm 3 ). Post-processing of the dynamic images was done using the software function tool 2.6.4b2 of GE to measure the signal enhancement ratio in order to study the kinetics of contrast enhancement within the lesions. Since accurate placement of a region of interest over the areas of most rapid and intense enhancement is critical, we used color mapping of the lesions as a guide. We also evaluated at post-processed maximum intensity projection and maximum slope of signal increase images.
Image Interpretation
Based on the American College of Radiology recommendations [6] and the diagnostic criteria identified by other investigators [3, 5, 7] , interpretation of images to classify a lesion as benign, indeterminate or malignant was done by evaluating the lesion morphology and its enhancement kinetic curves following contrast agent administration [5, 8] . The criteria suggesting malignant lesions included a mass with indistinct, irregular, branching or spiculated borders, a mass with heterogeneous or peripheral enhancement (ring enhancement), with type II (plateau) or type III (washout) enhancement curve. Non-mass ductal enhancement with a clumped or punctuated type of morphology was characteristic of malignancy. The criteria suggestive of a benign lesion included a mass with round, oval, lobular or linear form, a mass with well-defined smooth or lobulated borders, a mass demonstrating no contrast enhancement or enhancement with a homogeneous pattern or non-enhancing internal septa, patchy parenchymal enhancement and type I (steady increase) or type II (plateau) enhancement curves. The criteria suggestive of indeterminate lesion were morphologic features and kinetic overlap between benign and malignant lesions.
The MRI findings were validated histopathologically by tissue sampling (fine needle aspiration cytology, core biopsy or lumpectomy/mastectomy). For non-sampled lesions, radiological followup by mammography, US and/or MRI was done for at least 1 year. The sensitivity, specificity, positive and negative predictive values, and the accuracy of MRI to diagnose malignant lesions with validated tissue sampling as the gold standard were then calculated using the binary classification test.
Results
Of the 58 patients, 51 underwent mammography and US examination prior to MRI and 7 had only US examination because of age ! 30 years. Of those 58 patients, MRI identified a breast mass in 40 patients, 12 had a final diagnosis of a malignant mass (5 with multifocal malignancy) and 28 a benign mass. Clinically, a mass was discovered in 7 of the 12 malignant cases and in all 28 benign cases. Surgery was performed in the 12 patients with malignancy. The histopathology of the identified cancers were well-differentiated ductal carcinoma (3); poorly infiltrating differentiated ductal carcinoma (2); well-differentiated invasive ductal carcinoma (3); well-differentiated infiltrating lobular carcinoma (3), and well-differentiated mucinous carcinoma (1) . One case diagnosed as occult breast carcinoma presented with axillary lymph node metastasis and was negative clinically and radiologically (by US, mammography and MRI). Four of the 13 cases with a final diagnosis of breast cancer had lymph node metastases. Of the 28 patients with benign lesions, 15 had a percutaneous procedure, 5 surgery and 8 radiological followup within 6-12 months. The size of the malignant masses was 0.6-4.4 cm (mean of 2.5 cm), whereas that of the benign masses was 0.5-6 cm (mean of 3.25 cm).
Breast masses were not identified in 18 patients; 1 patient was diagnosed as occult breast carcinoma with metastatic axillary lymph node presentation.
The total number of lesions identified in the 40 patients was 70. The number of lesions detected by MRI as well as mammography was 54; 17 lesions were detected by MRI, of which only 8 lesions proved malignant and 2 lesions benign after surgery (7 lesions were not proved since we had not started MRI-guided breast biopsy procedures at that time). Eight lesions diagnosed as benign by MRI were not proven by tissue sampling and remained benign by mammography and US, and were followed up for a period of 6 to 12 months.
Cancers were found in 11% of the study patients detected by MRI only. Seven other lesions (16%) were not biopsied since MRI-guided breast biopsy had not been started at that time.
The 70 lesions detected by MRI are presented in table 1 . Of the 31 lesions diagnosed by MRI as malignant, 23 were proven malignant by tissue sampling and 7 lesions were proven benign, 4 of which were proven to be chronic granulomas. One lesion diagnosed by MRI as fibroadenoma with septations proved to be well-differentiated invasive ductal carcinoma.
The accuracy of MRI to diagnose malignant lesions proven by tissue sampling as the gold standard was 80%. The sensitivity, the specificity, and the positive and negative predictive values were 96, 67, 71 and 95%, respectively. The sensitivity to detect recurrent malignant lesions was 100%, but the specificity to differentiate a scar from a local recurrence was 50%.
Image Interpretation
The morphological features and kinetics proven by tissue sampling as benign (30) or malignant lesions (25) are detailed in table 2 . The 4 lesions that were diagnosed as malignant but proved to be benign showed an irregular or spiculated margin and heterogeneous enhancement and were proven to be a chronic inflammation by core biopsy. One well-defined septated lesion diagnosed by MRI as fibroadenoma proved to be invasive ductal carcinoma after surgery. The morphemic feature of different histological groups was as follows: of the 19 ductal carcinomas, 5 (26%) showed ring enhancement ( fig. 1 ) and 7 (37%) showed spiculated margins ( fig. 2 ) , and of the 5 lobular carcinomas 4 (80%) showed irregular margin and 3 (60%) showed ring enhancement. We found no significant differences among the most prevalent features of invasive cancer according to histologic subtypes. Both ductal and lobular subtypes showed irregular shape, spiculated borders and heterogeneous enhancement as their prevalent features.
The mean size of the malignant lesions was 1.6 cm (range, 0.6-2.7 cm) for the homogeneously enhancing masses, 2.7 cm (range, 1.0-4.4 cm) for the heterogeneously enhancing masses and 2.7 cm (range, 1.1-4.3 cm) for the rim-enhancing masses. Carcinomas ^ 1 cm were significantly more common in the homogeneously enhancing group than in the heterogeneously or rim-enhancing groups. Of the 25 carcinomas, 10 (40%) were ! 1 cm. The mean size of the benign lesions was 2.2 cm (range, 0.5-4.0 cm) for the homogeneously enhancing benign masses ( fig. 3 ), 3.2 cm (range, 0.3-6.0 cm) for the heterogeneously enhancing masses and 1.8 cm for the septated masses (range, 1.2-2.4 cm). 
Discussion
The morphology and kinetics of lesions can determine the likelihood of malignancy with very high sensitivity (ranging from 97-100%) even in the detection of small lesions (down to 3 mm) and especially in occult lesions on X-ray mammography and/or US [9] . On the other hand, specificity ranges between 50 and 80%, as reported previously [10, 11] . In our study, the accuracy of MRI was 80%. Sensitivity, specificity, and positive and negative predictive values (96, 67, 71 and 95%, respectively) were comparable to other studies [9] [10] [11] . Our relatively low specificity could be due to multiple factors, including limited spatial resolution of the dynamic sequences used and histologic characteristics of the lesions, possibly enhancing benign lesions as well as normal breast tissue after the administration of contrast material, which has been shown to vary in degree at different times of the menstrual cycle [3, 12] . Equally important was the overlap of enhancement, both in terms of kinetic measurements and morphologic appearance of benign and malignant lesions, which precluded complete differentiation of lesions [3, [6] [7] [8] . Non-enhancing internal septations, a descriptor usually associated with fibroadenomas, is a sign that is no longer exclusive to benign lesions since recent results of a study by Schnall et al. [7] revealed that 47% of malignant lesions were shown to have non-enhancing internal septa. In our study, one septated mass detected proved to be well-differentiated invasive ductal carcinoma. Another problem in our study was the inclusion of inflammatory breast cancers since MRI is not really a good tool for the differentiation between benign and malignant lesions in such a clinical situation [13] .
Of the 5 cases falsely reported as inflammatory carcinoma by mammography, 1 case was correctly diagnosed as chronic inflammation by MRI, whereas the other 4 cases were falsely diagnosed as invasive inflammatory carcinoma by MRI and proven by tissue sampling to be chronic inflammation possibly due to the difficulty in accurately differentiating chronic inflammation from invasive carcinoma, which was also reported by Rieber et al. [13] .
Nunes et al. [14] found that none of the malignant masses had 'smooth' borders unlike our study in which 44% of the carcinomas had circumscribed borders. Nevertheless, most of these lesions had other more worrisome descriptors, such as heterogeneous or rim enhancement, which could be interpreted as malignancy as previously reported [6] . Moreover, mammographically circumscribed masses can be malignant, particularly the specific histologic subtypes of medullary, colloid and papillary carcinomas, as 5-6% of malignant masses have been described as circumscribed [15] .
The comparison of the mean pathologic size of the masses and the pattern of enhancement indicated that the mean size of carcinomas showing homogeneous enhancement was smaller ( ! 1 cm) than the mean size of carcinomas showing rim or heterogeneous enhancement. The fact that 40% of the carcinomas in our study were ! 1 cm could be the explanation for the high prevalence of cancers with homogenous enhancement in the current series, whereas 32% of carcinomas presented with rim enhancement, which was higher than the 16% reported previously [7] .
The enhancement kinetics differed significantly for benign and malignant enhancing lesions and may therefore be used as an aid in differential diagnosis ( fig. 1-3 ) . The 52% incidence of the type 3 curve for malignant lesions and the 81.5% exhibited by the type 1 curve of our study are similar to those reported previously [3, 5, 16] . Benign lesions that showed the type 3 curve were proven to be chronic granulomas.
In our study, the main indication for MRI was to clarify equivocal lesions seen on mammography and US (n = 29). MRI proved the lesions to be malignant in 3 cases and benign in 16 cases. There are reports that MRI can be used as a problem-solving tool in cases where a suspicious lesion is identified on only one mammographic view and in cases of equivocal findings of mammographic or physical examinations [8] .
MRI may also help to evaluate a patient's local relapse. In our study, the 100% sensitivity to detect a lesion was similar to previously published sensitivities ranging from 93 to 100%, but the 50% specificity was lower than those reported in earlier studies, ranging from 88 to 100% [17, 18] . This high false-positive rate might be attributed to the overlap of morphologic appearance of malignant lesions and scar tissue, especially the irregular margin. This could either be related to the delay between the end of treatment and breast MRI examination or to problems in MRI interpretation. Further investigations are necessary.
In patients with proven breast cancer, MRI can detect additional ipsilateral sites of breast cancer in 6-34% of cases and unsuspected contralateral cancer in 4-24% of cases [19] . In our study, MRI detected additional ipsilateral sites in 5 (38%) patients and unsuspected contralateral site lesions in 2 (15%) patients, being comparable to the above-mentioned study [19] .
In our patients with axillary lymph node metastases who presented with negative findings in mammographic and physical examinations, primary breast cancer was detected in 75-86% by MRI compared to the 80% detection rate reported by Tilanus-Linthorst et al. [20] . Moreover, the incidence of an axillary lymph node manifestation from an occult primary breast cancer was low, with rates ranging from 0.3 to 0.8% of all patients with carcinoma of the breast at the time of presentation as reported by Solin et al. [21] . In our series, only 1 patient with a negative MRI in the initial study was diagnosed with occult breast carcinoma in the follow-up study done 5 months later after completing her 3rd cycle of chemotherapy.
Conclusion
Our overall initial experience was comparable with that of other centers. Our goal is to have specialized radiologists in breast imaging that work with a multidisciplinary treatment team. Using the ACR BI-RADS lexicon for image interpretation, improving the spatial resolution of images using a high-definition MR magnet, 8-channel breast coils, dedicated breast MR software and computeraided tomography will improve our diagnostic accuracy. Very soon MR-guided biopsy and wire localization procedures for breast masses will be introduced, which will help diagnose lesions that can be detected by MR only.
